Glycemic excursions, independent of average glucose, have been implicated in the development of diabetic complications. It is unknown whether low levels of 1,5-anhydroglucitol (1,5-AG) are associated with advanced stages of kidney disease independent of kidney function and glycemia. In the Atherosclerosis Risk in Communities Study (n = 13,277 from 4 US communities), we used structural equation modeling to estimate the association between serum 1,5-AG levels and end-stage renal disease (ESRD) from baseline (1990)(1991)(1992) through 2013 with adjustment for demographics, risk factors, a latent variable for glycemia (diabetes status, fasting glucose, glycated hemoglobin (HbA 1c ), fructosamine, glycated albumin), and a latent variable for kidney function (creatinine, cystatin C, β 2 -microglobulin). After adjusting for demographics, risk factors, and the latent variable for kidney function, the linear spline terms representing 1,5-AG levels <6.0 μg/mL (incidence rate ratio (IRR) = 0.79, 95% confidence interval (CI): 0.70, 0.88) and 6.0-9.9 μg/mL (IRR = 0.80, 95% CI: 0.70, 0.92) were significantly associated with ESRD. After additionally adjusting for the latent variable for glycemia, low 1,5-AG levels (<6.0 μg/mL) were no longer significantly associated with ESRD (IRR = 0.92, 95% CI: 0.81, 1.05). In conclusion, low 1,5-AG levels are associated with higher risk of incident ESRD independent of baseline kidney function but not independent of glycemia.
1,5-Anhydroglucitol (1,5-AG) is a glucose-like monosaccharide that is derived primarily from dietary sources (1) . In normal physiology, 1,5-AG is freely filtered by the glomerulus, and >99% is reabsorbed by the renal tubules (2) . When glucose levels exceed the renal threshold (approximately 160-180 mg/dL), reabsorption of 1,5-AG is inhibited, resulting in higher urinary excretion rates and lower levels of 1,5-AG in the circulation (3) . As such, low 1,5-AG is a marker of hyperglycemia excursions over a period of approximately 1-2 weeks (4) (5) (6) (7) (8) (9) . To the extent that 1,5-AG is a useful biomarker of glycemic excursions and glucose variability, this novel marker may provide additional prognostic information beyond blood levels of glucose and glycated hemoglobin (HbA 1c ) (4) . Glucose variability, above average glucose levels, has been linked to kidney disease risk (10) (11) (12) . Formally testing an a priori hypothesis, in one study there was a significant association between lower levels of 1,5-AG and subsequent onset of chronic kidney disease (13) . In addition, a global, untargeted metabolomics study discovered that level of 1,5-AG, out of 204 metabolites examined, was an independent risk factor for chronic kidney disease in the Atherosclerosis Risk in Communities (ARIC) Study (14) . However, the relationship between 1,5-AG and more advanced stages of kidney disease has not been characterized, and it is not known whether 1,5-AG is a biomarker of kidney disease, a biomarker of diabetes, or an influence on kidney disease risk through a separate, nonglycemic pathway.
Kidney function can be estimated in a number of ways. Most frequently, it is assessed by estimated glomerular filtration rate (eGFR) based on endogenous blood levels of creatinine. Serum creatinine and eGFR based on serum creatinine are imperfect measures of kidney function due to the influence of non-GFR determinants, including dietary protein intake and body composition as well as other sources of measurement error (15, 16) . Recent studies have suggested that measurement of multiple filtration markers may represent kidney function better than creatinine alone (17) .
The overarching objective of the present study was to evaluate whether low levels of 1,5-AG, a biomarker of glycemic excursions, is a risk factor for end-stage renal disease (ESRD) in addition to average glycemia and underlying kidney function. In our main analysis, we used a structural equation modeling approach, which allowed for more complete adjustment for mediation by glycemia and kidney function by incorporating multiple markers of an underlying construct (i.e., the latent variable) and, by combining multiple markers, reduces the influence of measurement error in individual markers (18) (19) (20) . We compared these results with those obtained using standard regression methods.
METHODS

Study design and population
The ARIC Study is a prospective cohort of 15,792 participants recruited from 4 US communities: Washington County, Maryland; Forsyth County, North Carolina; Jackson, Mississippi; and suburbs of Minneapolis, Minnesota (21) . Participants were initially recruited at 45-64 years of age in 1987-1989 (visit 1), and they returned for follow-up study visits in 1990-1992 (visit 2), 1993-1995 (visit 3), 1996-1998 (visit 4), and 2011-2013 (visit 5). In the present analysis, we included participants with measurements of 1,5-AG at study visit 2 (1990-1992 , baseline for the present study), who reported information on diabetes diagnosis, and who were free of ESRD at baseline (n = 13,277). Written documentation of informed consent was obtained at each study visit, and procedures were approved by the institutional review board at each study center.
Data collection
At the study visits, trained staff administered questionnaires to collect information on demographic characteristics (date of birth, sex, race) and health history (medication use, medical conditions, current smoking). Anthropometric measurements were taken while participants wore light clothing, without shoes. Body mass index was calculated as measured weight (kg)/height (m) 2 . Three seated blood pressure measurements were taken by a certified technician using a random-zero sphygmomanometer, and the mean of the second and third measurements was calculated.
Fasting blood samples were collected at each study visit, centrifuged within 30 minutes, and stored at −70°C for future laboratory analysis. Blood glucose was measured by the hexokinase method. HbA 1c was measured using high-performance liquid chromatography with instruments standardized to the Diabetes Control and Complications Trial assay (Tosoh 2.2 Plus and Tosoh G7 Glycohemoglobin Analyzer, Tosoh Bioscience, Inc., San Francisco, California). In 2012-2013, serum levels of fructosamine (using reagents from Roche Diagnostics Corporation, Indianapolis, Indiana) and glycated albumin (Lucica GA-L, Asahi Kasei Corporation, Tokyo, Japan) were measured using the Roche Modular P800 Chemistry Analyzer (Roche Diagnostics Corporation). Diabetes was defined as a history of diagnosed diabetes or current diabetes medication use. Hypertension was defined as systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or current antihypertensive medication use.
Serum creatinine was measured by the modified Jaffé method. In 2012-2013, cystatin C was measured using the Gentian immunoassay (Gentian AS, Moss, Norway), and β 2 -microglobulin was measured using Roche reagents on the Roche Modular P800 Chemistry Analyzer (Roche Diagnostics Corporation) in stored serum samples collected at study visit 2 (1990-1992) . Calculations were made separately, using the Chronic Kidney Disease Epidemiology Collaboration equations, for creatinine and cystatin C (eGFR Cr-Cys ) and for β 2 -microglobulin (eGFR β2M ) (17, 22) .
Measurement of 1,5-AG
Levels of 1,5-AG were measured in serum samples collected from participants in 1990-1992 (study visit 2) and stored at −70°C since collection. The assays were performed at the University of Minnesota Advanced Research and Diagnostic Laboratory in 2012-2013. 1,5-AG was measured with the GlycoMark assay (GlycoMark, Inc., New York, New York) on the Roche Modular P800 Chemistry Analyzer (Roche Diagnostics Corporation) using an enzymatic method (coefficient of variation = 5%). After pretreatment with glucokinase, pyranose oxidase was used to oxidize the second-position hydroxyl group of 1,5-AG. The amount of hydrogen peroxide was assessed by colorimetry to represent the concentration of 1,5-AG.
Ascertainment of ESRD cases
Incident ESRD was defined as entry into the US Renal Data System registry, from baseline for the present study (study visit 2, [1990] [1991] [1992] 
Statistical analysis
Given the variability in the distribution of 1,5-AG by diabetes status and the variability in the association between 1,5-AG and ESRD by diabetes status, it was important to account for diabetes in the analysis. Therefore, we created diabetesspecific exposure categories (which have been used in prior publications) and, in other instances, restricted the sample to individuals with diagnosed diabetes (13, 23) . Descriptive statistics (mean, standard deviation, proportions) were used to describe participant characteristics at baseline for the overall study population and according to diabetes-specific categories of 1,5-AG (for participants with no diagnosed diabetes: <10.0, ≥10.0 μg/mL; for participants with diagnosed diabetes: <6.0, 6.0-9.9, ≥10.0 μg/mL). Differences in baseline characteristics by diabetes-specific categories of 1,5-AG were tested using linear regression, t tests, and χ 2 tests. Spearman's rank correlation coefficients were calculated to assess the crosssectional relationship between 1,5-AG and other glycemic markers (glucose, HbA 1c , fructosamine, glycated albumin) as well as kidney filtration markers (eGFR Cr-Cys , eGFR β2M ) for the overall study population and stratified by baseline category of eGFR Cr-Cys (mL/min/1.73 m 2 : <60, 60-89, or ≥90) and diabetes. Restricted cubic splines with 4 knots were used to visually depict the shape of the relationship between 1,5-AG as a continuous variable and risk of ESRD.
We used a common modeling approach, Poisson regression, to characterize the association between categories of 1,5-AG and incident ESRD with progressive adjustment of individual covariates and groups of covariates of relevance through several regression models. Model 1 included no adjustments (no covariates) to show the crude association. Model 2 adjusted for demographic characteristics (age, sex, race) and provided the minimally adjusted results. Model 3 adjusted for variables in model 2 plus eGFR Cr-Cys modeled using linear spline terms with knots at 60 mL/min/1.73 m 2 and 90 mL/min/1.73 m 2 in order to examine the influence of adjusting for this important measure of kidney function on the association between 1,5-AG and ESRD. Model 4 adjusted for all variables in model 3 plus traditional kidney disease risk factors (hypertension, body mass index, current smoking). Model 5a adjusted for all variables in model 4 plus fasting blood glucose levels, and Model 5b adjusted for all variables in model 4 plus HbA 1c in an attempt to assess whether 1,5-AG levels were associated with ESRD independent of established glycemic markers. The trend across categories of 1,5-AG was tested using an ordinal variable. Harrell's C statistic was used to assess model discrimination, and the relative integrated discrimination statistic was calculated to evaluate improvement in risk classification (24, 25) .
In addition to the Poisson regression models, generalized structural equation models were used to quantify the association of 1,5-AG level and incident ESRD before and after adjustment for latent variables for kidney function and glycemia as a means of incorporating multiple measures into a latent variable for kidney function (eGFR Cr-Cys , eGFR β2M ) and a latent variable for glycemia (diabetes, fasting glucose, HbA 1c , fructosamine, and glycated albumin) while avoiding the issue of collinearity. The variance was constrained to 1 for both latent variables, and we assumed no correlation between them. The 2 regression techniques were used in order to compare the results of the structural equation model with a more common analytic approach (Poisson regression). Analyses were conducted with Stata, version 14.1 (StataCorp LP, College Station, Texas).
RESULTS
Baseline participant characteristics
In the overall study sample, 44% of participants were men, 24% were African-American, and the mean age at baseline was 57 years (Web Table 1 , available at https://academic.oup.com/ aje). Those with lower serum levels of 1,5-AG were more likely to be women, African-American, or nonsmokers, and they had a higher mean body mass index. Only 6.5% (783 of 12,033) of those without diagnosed diabetes had serum levels of 1,5-AG below 10.0 μg/mL. The majority of those with diagnosed diabetes had low levels of 1,5-AG (1,5-AG <6.0 μg/mL: 53.1% (661/1,244); 1,5-AG 6.0-9.9 μg/mL: 13.0% (162/1,244)).
Cross-sectional analysis of 1,5-AG, filtration markers, and glycemic markers Among those with diagnosed diabetes, there was a strong inverse correlation between 1,5-AG level and the other glycemic markers (fasting glucose: r = −0.77, P < 0.001; HbA 1c : r = −0.84, P < 0.001; fructosamine: r = −0.83, P < 0.001; glycated albumin: r = −0.83, P < 0.001; Table 1 ). In the overall study population, 1,5-AG was moderately positively correlated with eGFR Cr-Cys (r = 0.25, P < 0.001) and eGFR β2M (r = 0.16, P = 0.002) among those with reduced kidney function at baseline (eGFR Cr-Cys < 60 mL/min/1.73 m 2 ).
Prospective analysis of 1,5-AG and incident ESRD
During a median follow-up of 22 years, there were 299 incident ESRD cases. When 1,5-AG was modeled continuously using restricted cubic spline terms, risk of ESRD increased approximately linearly at 1,5-AG levels below 15.0 μg/mL among participants without diagnosed diabetes ( Figure 1A ) as well as for participants with diagnosed diabetes ( Figure 1B) . ESRD risk was substantially higher for those with diagnosed diabetes and 1,5-AG levels <6.0 μg/mL relative to those without diagnosed diabetes and 1,5-AG levels ≥10.0 μg/mL (incidence rate ratio (IRR) = 16.78, 95% confidence interval (CI): 12.93, 21.78; Table 2 ). Adjusting for age, sex, race, eGFR Cr-Cys , hypertension, body mass index, current smoking status, and, separately, fasting glucose and HbA 1c substantially attenuated the risk estimates, but they remained statistically significant in the overall population. Among study participants with diagnosed diabetes, there was a significantly higher risk of ESRD associated with lower levels of 1,5-AG after adjusting for demographics, eGFR Cr-Cys , traditional risk factors, and fasting glucose (all P for trend < 0.01) but not after adjusting for HbA 1c (Model 5b: P for trend across diabetes-specific 1,5-AG categories = 0.3).
In the overall study population, lower levels of 1,5-AG (<6.0 μg/mL and 6.0-9.9 μg/mL relative to ≥10.0 μg/mL) were significantly associated with higher risk of incident ESRD even after adjusting for demographics, eGFR Cr-Cys , hypertension, body mass index, current smoking, and traditional markers of glycemia (Table 3) . 1,5-AG did not improve prediction of incident ESRD when added to models including established glycemic markers (fasting glucose and HbA 1c ) and risk factors (age, sex, race, eGFR Cr-Cys , hypertension, body mass index, and current smoking) ( Table 4 ).
Structural equation model
The latent variable for kidney function was estimated using the 3 filtration markers with high standardized coefficients (for eGFR Cr-Cys , 0.890; for eGFR β2M , 0.885), suggesting good fit. After adjustment for the latent variable for kidney function and accounting for diabetes status through multivariable adjustment or restriction of the study population, none of the filtration markers were independently associated with risk of incident ESRD. For the glycemia latent variable, all standardized path coefficients for other biomarkers were high (for HbA 1c , 0.823; for fasting glucose, 0.847; for fructosamine, 0.967; for glycated albumin, 0.953), and the standardized path coefficient for diabetes was moderate (0.190).
In the structural equation model adjusting for demographics and traditional risk factors, but not for the kidney function and glycemia latent variables, the linear spline terms representing 1,5-AG levels <6.0 μg/mL and 6.0-9.9 μg/mL were significantly associated with ESRD (per 1.0-μg/mL increase in 1,5-AG <6.0 μg/mL, IRR = 0.88, 95% CI: 0.79, 0.98 (P = 0.02); in the category 6.0-9.9 μg/mL, IRR = 0.69, 95% CI: 0.61, 0.79 (P < 0.001)), and higher 1,5-AG levels were not associated with ESRD (per 1.0-μg/mL increase in 1,5-AG ≥10 μg/mL, IRR = 1.00, 95% CI: 0.97, 1.02; P = 0.8; Figure 2A ). After additionally adjusting for the kidney-function latent variable, lower levels of 1,5-AG remained significantly associated with risk of ESRD (per 1.0-μg/mL increase in 1,5-AG <6.0 μg/mL, IRR = 0.79, 95% CI: 0.70, 0.88 (P < 0.001); in the category 6.0-9.9 μg/mL, IRR = 0.80, 95% CI: 0.70, 0.92 (P = 0.002)), and higher 1,5-AG levels remained unassociated with ESRD (per 1.0-μg/mL increase in 1,5-AG ≥10 μg/mL, IRR = 0.98, 95% CI: 0.96, 1.01; P = 0.3; Figure 2B ). In the model additionally adjusting for the glycemia latent variable, 1,5-AG levels between 6.0 and 9.9 μg/mL were associated with Abbreviations: eGFR β2M , estimated glomerular filtration rate based on β 2 -microglobulin; eGFR Cr-Cys , estimated glomerular filtration rate based on creatinine and cystatin C; HbA 1c , glycated hemoglobin. a Spearman's rank correlation coefficients and P values. b eGFR Cr-Cys in units of mL/min/1.73 m 2 ; 87 participants were missing data for cystatin C. c The overall number of subjects was 13,277; for the categories of eGFR Cr-Cys <60, 60-89, 90-134, and ≥135, the numbers of participants were 370, 4,207, 8,547, and 66, respectively.
d The overall number of subjects without diagnosed diabetes was 12,033; for the categories of eGFR Cr-Cys <60, 60-89, 90-134, and ≥135, the numbers of participants were 260, 3,828, 7,825, and 47, respectively.
e The overall number of subjects with diagnosed diabetes was 1,244; for the categories of eGFR Cr-Cys <60, 60-89, 90-134, and ≥135, the numbers of participants were 110, 379, 722, and 19, respectively.
ESRD risk (per 1.0-μg/mL increase in 1,5-AG 6.0-9.9 μg/ mL, IRR = 0.85, 95% CI: 0.74, 0.98; P = 0.02), but the other categories of 1,5-AG were not independently associated with risk of incident ESRD (per 1.0-μg/mL increase in 1,5-AG <6.0 μg/mL, IRR = 0.92, 95% CI: 0.81, 1.05 (P = 0.2); in the category ≥10.0 μg/mL IRR = 0.99, 95% CI: 0.96, 1.02 (P = 0.4); Figure 2C ).
DISCUSSION
In this large, community-based study of middle-aged AfricanAmerican and white men and women, baseline serum levels of 1,5-AG were strongly associated with subsequent development of incident ESRD over 20 years of follow-up. The association between 1,5-AG level and ESRD risk was b Among those with diagnosed diabetes, P < 0.05 for the estimate for the respective category of 1,5-anhydroglucitol (6.0-9.9 μg/mL or <6.0 μg/mL) relative to ≥10.0 μg/mL. independent of baseline kidney function. However, risk estimates were substantially attenuated, and not statistically significant in some cases, after adjusting for baseline markers of glycemia. 1,5-AG did not improve the prediction of ESRD beyond traditional markers of glycemia and established risk factors. Taken together, our findings suggest that 1,5-AG is a marker of hyperglycemia and glucose variability that increases the likelihood of future development of kidney disease.
It was previously shown, among ARIC Study participants diagnosed with diabetes, that serum levels of 1,5-AG <6.0 vs. ≥10.0 μg/mL were associated with a 2-to 3-fold increased risk of earlier stages of kidney disease (stage 3 or higher) (13) . In a separate analysis of a subset of 1,921 African-American participants in the ARIC Study, a serum metabolomic profile was characterized using an untargeted, unbiased approach (14). 1,5-AG was one of 2 metabolites (out of a total of 204 examined) found to be significantly associated with risk of incident chronic kidney disease even after correcting for multiple testing and adjusting for demographic characteristics, diabetes status, baseline eGFR, and other established risk factors (quartile 4 vs. 1: odds ratio = 0.47, 95% CI: 0.31, 0.72; P for trend < 0.001). To the best of our knowledge, the present study is the first to examine the association of 1,5-AG with incident ESRD. Given the long-term follow-up, we were able to accrue a sufficient number of cases of this clinically significant outcome of advanced kidney disease.
It has been previously shown that glycemic variability or excursions, beyond average glucose levels, may injure the vasculature and could thereby contribute to the development of kidney disease (26) . Postprandial glycemic spikes lead to endothelial dysfunction and oxidative stress due in part to increased production of peroxynitrite (27) (28) (29) . Peroxynitrite can damage endothelial cells directly and has also been implicated in lipid peroxidation (30, 31) . Other potential mechanisms through which glucose variability could be related to risk of kidney disease include activation of inflammatory markers, protein kinase C, and nicotinamide adenine dinucleotide phosphate oxidase (32) (33) (34) (35) .
We used 2 regression techniques in the present study to allow for a comparison of the results from the structural equation model with the results from the more frequently used Poisson regression. In general, results from the 2 regression techniques yielded similar interpretations. That is, lower serum levels of 1,5-AG were significantly associated with increased risk of ESRD even after accounting for demographic characteristics, established risk factors for kidney disease, and baseline eGFR, but this relationship was not independent of other measures of glycemic control. These findings suggest that 1,5-AG is a marker of hyperglycemia and glucose variability, which is an important pathway leading to higher risk of ESRD. The key difference between the 2 regression techniques and the appeal of structural equation modeling is the ability to incorporate latent variables. We were able to assess the independence of the association between 1,5-AG and ESRD from baseline kidney function and glucose metabolism. We used structural equation models with latent variables for kidney function and glycemia, both based on multiple markers, to rigorously adjust for these constructs. The 2 analytic approaches produced different results, although the overall interpretation was consistent. In multivariable regression using diabetesspecific 1,5-AG categories, the association between 1,5-AG and ESRD remained significant after adjusting for fasting glucose but not after adjusting for HbA 1c . Similarly, using Poisson regression in the overall study population, 1,5-AG remained significantly associated with ESRD after accounting for fasting glucose as well as HbA 1c . In contrast, after adding the glycemia latent variable (estimated using glucose levels, HbA 1c , fructosamine levels, glycated albumin levels, and diabetes status) using the structural equation model framework, low 1,5-AG level (<6.0 μg/mL) was no longer independently associated with ESRD. Incorporating the latent variables for glycemia and kidney function minimized the influence of collinearity and measurement error for the individual biomarkers and allowed for a more complete adjustment for these confounding factors (19, 20, 36) . Collinearity occurs when 2 or more covariates are correlated with each other, and biased point estimates and measures of variability can result when these collinear covariates are included in a regression model together (36, 37) . The combination of multiple markers of kidney function has been shown previously to improve the estimation of ESRD risk (38, 39) . The use of multiple markers (in our study, those that represent the constructs of glycemia and kidney function) reduces the influence of measurement error and confounding due to any one marker. By improving the estimation of these underlying constructs using multiple markers, we were then better able to adjust for these latent variables and reduce the likelihood of residual confounding. In our study, 1,5-AG remained significantly associated with ESRD after adjusting for glycemia markers using traditional regression techniques (Poisson) but not when using structural equation modeling. Structural equation modeling may be preferable to more traditional regression techniques in order to more appropriately incorporate multiple measures of a given construct and to evaluate the independence of an association after more completely accounting for potential confounding factors.
There are a few limitations of the present study to consider when interpreting our findings. As with any observational study design, there is the potential for residual confounding to explain part of the observed associations, due to imprecise This figure displays the structural equation models for the association between 1,5-AG and ESRD, adjusted for demographics and established risk factors (A); adjusted for demographics, established risk factors, and latent kidney function (B); and adjusted for demographics, established risk factors, latent kidney function, and latent glycemia (C). These 3 models were used to assess the independence of the association between 1,5-AG and ESRD after accounting for known risk factors, markers of kidney function (using a latent variable), and markers of glycemia (using a separate latent variable). 1,5-AG, glycated hemoglobin (HbA 1c ), fasting glucose, estimated glomerular filtration rate based on serum creatinine and serum cystatin C (eGFR Cr-Cys ), and estimated glomerular filtration rate based on serum β 2 -microglobulin (eGFR β2M ) were standardized and log-transformed. measurement or unknown confounding factors. In particular, urine albumin-to-creatinine ratio was not measured at baseline for this study. We were therefore unable to adjust for this important determinant of kidney disease. However, we were able to use serum measurements of several filtration markerscreatinine, cystatin C, and β 2 -microglobulin-to estimate the latent variable for baseline kidney function. In addition, the ARIC Study is a well-characterized cohort with thorough inperson examinations for the assessment of study participants' health status and risk factors, allowing for rigorous adjustment of known risk factors and thereby decreasing the likelihood of residual confounding.
Our study also has several strengths. The length of followup and size of the study population was sufficient to observe several hundred new cases of ESRD in a community-based population. To define the outcome of incident ESRD, we linked the ARIC Study to the US Renal Data System registry, which is a complete list of recipients of renal replacement therapy (i.e., transplant or dialysis) (40, 41) . Another strength is the use of structural equation modeling, which allowed us to test a complex set of pathways, to estimate and adjust for latent glycemia and latent kidney function using multiple markers of each construct, and to compare our results with a more common, regression modeling technique. The novelty of our study is also a major strength: To our knowledge, this is the first documentation of the association between 1,5-AG and ESRD.
In conclusion, structural equation modeling is a useful statistical technique for testing complex pathways and modeling latent constructs (in this case, kidney function and glycemia) based on multiple measures (creatinine, cystatin C, and β 2 -microglobulin for kidney function; glucose, HbA 1c , fructosamine, glycated albumin, and diabetes for glycemia). In our community-based population, lower serum levels of 1,5-AG at baseline were strongly associated with increased risk of incident ESRD, independent of demographic characteristics, established risk factors for kidney disease, and baseline kidney function. Blood levels of 1,5-AG represent hyperglycemia and glucose variability, an important metabolic pathway that accelerates progression to ESRD.
